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Introduction
20
Aerial systems have long been integral to the monitoring and management of wildlife. Surveys and data gathering tools using aerial 21 platforms can yield important information regarding habitat conditions, population size and demographics, as well as health and to the research benefits, UAS also can be an important tool to aid wildlife emergency responders and law enforcement officials in 30 monitoring or investigating animals in distress and conducting safer rescue operations.
31
In recent years, UAS operations have been integrated into numerous field studies involving a variety of species: orangutans (Pongo 
45
In the case of marine mammals, the data gathered from aerial platforms provides important information for the conservation and Under the auspices of multiple statutes (e.g., the MMPA, Endangered Species Act (ESA), National Environmental Policy Act 51 (NEPA)), several regulatory agencies are required to evaluate all reasonably foreseeable environmental consequences resulting from 52 human activities. This can create a paradox, whereby the scientific research permitting process to obtain a permit for an action
53
(including testing new technologies and methods) requires information from applicants regarding the disturbance thresholds of a 54 proposed action. As a result, researchers and managers must infer known impacts from "surrogate" species, which may or may not 55 occur within a comparable study area or similar study design. This can be especially challenging since marine mammal scientific 56 research activities are generally required to be conducted in a manner that minimizes impacts and disturbances. Additionally, Federal
57
Aviation Administration (FAA) requirements regarding UAS piloting and operations include limitations for the use of these platforms 58 for research, which falls into the FAA category of commercial, rather than recreational, use. Thus, researchers using UAS must follow 5 UAS flown in proximity to marine mammals, and present an analysis of the largest information gaps. We also highlight how the 68 current state of scientific understanding presents challenges to managers as they permit important research and provide guidelines to 69 the general public to ensure the health and safety of marine mammals.
70
Commonly used UAS
71
Various designs of UAS platforms are in operation, which have been divided into multiple classification schemes based on device 72 weight, propulsion methods, payload capacity, altitude/range capabilities, and general application (e.g., Anderson and Gaston 2013; (Table 1) . Generally, the hovering capability and system design of VTOLs Based on the existing information, it appears that flight altitude is an important factor. However, there is no conclusive information to 125 distinguish between disturbance from noise versus disturbance by visual cues from the UAS or its shadow as a function of altitude.
126
Many researchers reported that UAS elicited less disturbance and avoidance behaviors than would a traditional manned aerial survey 
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9 sampling sites. The Puma AE (a FW UAS) was found to be even quieter than either of the two VTOL systems (NMFS 2014). It 134 should be reiterated, however, that ambient environmental conditions factor largely in determining acoustic effects.
136
VTOLs that hover at low heights over animals during research (e.g., for breath sampling of cetaceans) may generate more noise and 137 should be monitored for behavioral reactions; however, this did not appear to be the case during breath sampling of several species of In this respect, marine mammals that spend considerable time on land, such as pinnipeds, may be especially sensitive to both visual 153 and acoustic cues of the UAS, and thus, more prone to disturbance than cetaceans or sirenians. As a frame of references, the 11 observations during manned aerial surveys (including large, low-flying aircraft systems), Hawaiian monk seals very rarely react to 167 aircraft and when they do, typically just raise their heads momentarily (NMFS 2014). As such, managers must be aware that a 'one-168 size-fits-all' disturbance threshold from UAS impacts may not be applicable to all species. Factors that need to be considered for 169 determining accurate thresholds of behavioral disturbance due to UAS include the type of device used, its capabilities, and the 170 situational circumstances of the research such as the species, habituation levels, and behavioral context observed during the flight.
172
These studies imply a general lack of marine mammal response to UAS presence when the aircraft are operated above a certain 173 altitude (despite the bias towards over-reporting disturbances in studies not focused on assessing behavior responses). However, 174 caution should continue to be used when operating the aircraft at any altitude, because important details about the nature of the 175 exposure are opportunistic, given that these data were leveraged from research activities not intended for studying or eliciting 176 behavioral responses. Finally, it is important to note that in addition to the limited published studies on UAS impacts to marine 177 mammals, there is significant anecdotal information about their response to UAS operations in the form of personal communications, 178 blogs, photographs, and videos (e.g., on YouTube). However, due to the recreational or commercial nature of how such information 179 was obtained, any interpretation of behavioral responses from anecdotal sources should be treated with caution.
180
UAS impacts on other wildlife species
181
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To facilitate effective reporting of marine mammal behavioral responses to UAS operations, we present three case studies of UAS 182 research involving other taxa, where the potential impacts were documented and critically analyzed to address issues of concern. Our 183 hope is that these case studies will provide a basic foundation for researchers establishing novel methods that are scientifically robust,
184
and that they will also provide others with potential scenarios in which the use of UAS is appropriate. We highlight these studies as 185 examples of methodologies that would be useful to be conducted to systematically assess UAS impacts on marine mammals. based upon specific factors (e.g., distance of the exposed individual from the stressor), which is important for managers to know when 212 determining the status of an activity (e.g., go/no-go scenarios). We believe the CART approach can be successfully applied to evaluate 213 marine species research using UAS; it can bolster. The CART analysis robustness of the UAS methods, help identify or allay concerns 214 about the impact of the research, and enhance productivity of research programs.
216
Multi-taxa studies 217 Although dedicated experiments addressing the impact of UAS on a single target species are valuable, they are not always practical 218 given time, staff, space, or funding limitations in field studies of marine protected species. Given these practical considerations, collected for one purpose can also benefit non-target species. The authors, while questioning the feasibility of UAS technology to the 222 study of elephants, simultaneously assessed the potential for UAS disturbance to non-target species by using ground observers to 223 corroborate all animal reactions as documented by the images captured by the UAS. However, given the UAS transects were designed 224 for detecting elephants not all non-target species were detected in the images. Although not as informative as dedicated studies, the 225 potential for concurrent disturbance assessments of multiple species can cumulatively lead to a better understanding of how different 226 methodologies can benefit other species by answering questions that may not otherwise attract the necessary funding or attention.
228
Discussion
229
Unmanned aircraft systems can offer an effective method for scientific researchers, emergency responders and law enforcement 230 officials to collect data that supports the conservation and recovery of marine mammals or other protected species (Hood 2010). In 231 addition, they can potentially provide the public with a unique way to view and appreciate wildlife in ways that would not be possible 
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15 otherwise. Despite these benefits, UAS also have the potential to be highly disruptive to wildlife if they are not used in a safe and 233 responsible manner. Wildlife managers and researchers are becoming increasingly aware that either acute or chronic disturbances of 234 wildlife can significantly impact individual, population, and species health and fitness by disrupting migratory patterns, breeding, 235 feeding, and sheltering (Fair and Becker 2000). Caution must also be taken given that the lack of an observed behavioral response 236 does not indicate a lack of impact. For example, black bears were found to increase their heart rates (a stress response) when small 237 UAS (VTOLs) were hovering above. It is possible other species, including marine mammals, exhibit the same physiological response.
238
As the scientific community continues to assess the impacts of UAS on marine mammals and other species of wildlife and address the 239 dearth of information available on this subject, we encourage researchers and members of the public to be conscious of the potentially 240 negative effects that these systems can have on wildlife and to take a precautionary stance on using UAS around animals to avoid 
Data Gaps
244
To some degree, the current lack of research focused on investigating the effects of UAS on marine mammals and other species is the 
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17 information collected from studies using older UAS models can often be considered obsolete due to the rapid technological evolution 267 that may disallow certain data comparisons. Finally, historic studies of target species or populations may not be accurate proxies for 268 assessing present day impacts. For example, the Arctic has experienced environmental shifts attributed to climate change and an 269 increase in anthropogenic activities such as shipping and oil and gas exploration. As a result, the cumulative effects over time may As a result, we have two main recommendations for the marine mammal scientific research community: 285 1. Evaluate the behavioral responses of different taxa exposed to different types of unmanned aircraft at various altitudes.
286
Information about distance thresholds at which visual or acoustic impacts (with reference to measures of received 287 sound levels) elicit behavioral responses is especially warranted. D r a f t 
